SYNOPSIS Survivors from a nationally representative sample of elderly people originally screened in 1985 were reassessed in 1989 and again in 1993. On each occasion respondents were rated as cognitively impaired, borderline impaired or unimpaired (using a brief information/orientation scale), with the validity of these ratings assessed in subsequent clinical interviews. Where follow-up screening was not possible, information was derived from death certificates and hospital case-notes. Over 8 years (1985-93) the overall incidence rate per person-year at risk was 1-58 %, giving agespecific rates of 0-72, 132, 1-63, 3-46, 2-55 and 1-41 % for the age groups 65-69, 70-74, 75-79, 80-84, 85-89 and ^ 90 respectively. Of 43 individuals classified at screening as borderline impaired in 1985 and 1989, 19 were diagnosed as demented at clinical interviews conducted within 16 weeks of screening. Four-year follow-ups among the remaining 24 showed that 15 had died, while 6 showed a worsened cognitive status. Controlling for both age and sex, aggregated 4-year mortality was significantly higher among those defined at screening in 1985 and 1989 as either impaired or borderline, when compared with the unimpaired.
INTRODUCTION
In recent years dementing illness has been clearly identified as a major public health issue (e.g. Jorm et al. 1988 ) and a growing challenge to health and social services (Weinberger et al. 1993) . Incidence studies of dementia conducted in Britain (Copeland et al. 1992; Mann et al. 1992; Morgan et al. 1993; Boothby et al. 1994; Paykel et al. 1994) and elsewhere in Europe (Dartigues et al. 1992; Launer, 1992; Ritchie et al. 1992; Bickel & Cooper 1994 ) present an increasingly consistent pattern, with rates rising with age and tending to be highest among institutionalized populations. Pooling data from a number of studies Kay (1991) has estimated a tripling of incidence for each 10 years over the age of 65. Nevertheless, variations in rates, which reflect possible regional or methodological differences, continue to be reported. In Britain, for example, Copeland et al. (1992) and Morgan et al. (1993) (0-92%) and Nottingham (0-93%), while Boothby et al. (1994) calculated an annual incidence of 20% for their London (Gospel Oak) sample. Additional incidence data are required, therefore, to clarify and confirm previously reported trends. Where large cohorts have been followed up for several years after initial screening, further post-screening outcomes can also be usefully addressed.
Since the earliest epidemiological studies of dementia there has been considerable interest in the fate of those identified from cognitive screening or clinical procedures as mildly, minimally, or borderline demented (see Dawe et al. 1992; Strohle et al. 1995) . In a 4-year followup of patients categorized as 'early/mild dementia' Bergmann et al. (1971) showed three differing outcomes, with 30% subsequently dementing, 30% remaining unchanged, and 35% improving to such a degree that organic impairment could not be considered. Very similar patterns of improvement (i.e. transitions from mildly impaired to unimpaired states) have recently been reported by Copeland et al. (1992) , who used the GMS-AGECAT package and by Magnusson & Helgason (1993) , who relied on general practitioner diagnoses. This variability in post-screening outcomes has been related both to test insensitivity and the health status of respondents. Rosenman (1991) , for example, found that psychometric methods for diagnosing mild or questionable dementia were uniformly poor (and no better than clinical judgements) at predicting subsequent disease progression. O'Connor et al. (1991a, b) tracing outcomes among 'minimally demented' subjects, found that after 2 years only half showed evidence of progression of the disease, with improvement in some ascribed to the improved diet and supervision of diabetics. There is little recent information, however, on longer-term outcomes. Using 8-year follow-up data from a nationally representative sample originally aged 65 years and over, the analyses reported here were designed: (1) to examine the incidence of dementia for the period 1985-93; and (2) to examine changes in the cognitive status of those who, at screening in 1985 and 1989, were categorized as borderline impaired.
METHOD Sample
The Nottingham Longitudinal Study of Activity and Ageing (NLSAA) was designed to examine the role of customary physical activity and lifestyle in promoting and maintaining mental health and psychological well-being in later life. The survey sample was obtained as follows. Using electoral ward-level statistics from the 1981 census, three areas of greater Nottingham were combined to provide a study population whose demographic composition (as regards age, sex, social class, ethnicity and proportion of elderly people living alone) reflected the average national pattern for England and Wales. The resulting area included a total of 48733 individuals served by 25 general practitioners. With the consent and cooperation of these general practitioners, Nottinghamshire Family Practitioner Committee age-sex lists were used to identify all patients aged 65 years and over within the survey areas. Since the aim was to identify a representative community sample, those living in institutions (i.e. those whose permanent address was a residential or nursing homes) were excluded. A total of 8409 elderly people were identified from which 1299 eligible 
Baseline and follow-up surveys
The first (baseline) survey was conducted between May and September 1985. Of the 1299 individuals approached, 1042 were interviewed (a response rate of 80%). In order to preserve numbers for longitudinal analyses, yet allow for change in the variables of interest, 4-year followup periods were considered optimal. Information on mortality within the baseline sample was provided by the National Health Service Central Register (NHSCR), which supplied copies of all death certificates as they accrued. The first follow-up was conducted between May and September 1989. All surviving respondents from 1985 who were still resident in Nottingham were invited to continue their participation. Additional information on attrition from the sample was provided by general practitioner records and hospital case-notes. Overall, 781 people from the original sample were available for follow-up, of whom 690 agreed to be reinterviewed (a reinterview rate of 88%; see Table 1 ). The second follow-up commenced in May 1993 with the bulk (97%) of interviews being completed by September 1993 (a small number of interviews were conducted outside the intended May-September period owing to difficulties in tracing and contacting those who had moved into residential or sheltered accommodation). Again, all surviving respondents were invited to participate (540 people overall), and 410 were successfully reinterviewed (a reinterview rate of 72%; see Table 1 ). As in the earlier follow-up, additional information on attrition was provided by general practitioner records and hospital case-notes. Although technically eligible, none of those who refused an interview in earlier waves agreed to participate in later waves.
Interview questionnaire
The interview questionnaire used was consistent across all three waves of the study, and was designed to be used by lay interviewers whose training included classroom tuition, role-play, video feedback sessions, and training interviews with questionnaire-naive elderly people. The schedule included sections on physical and psychological well-being, social and physical activities, use of medication, and social and economic status.
Screening and assessment
Prevalence wave Cognitive status was assessed using the 12-item Information/Orientation (I/O) subscale from the Clifton Assessment Procedures for the Elderly (CAPE; Pattie & Gilleard, 1979) . Using the cut-points recommended by CAPE documentation, scores in the ranges of 0-7, 8-9, 10-12 provided an initial screening classification for respondents as impaired, borderline impaired or unimpaired respectively. Following the 1985 survey this classification was compared with clinical diagnostic assessments conducted within 12 weeks of the original screen. At diagnostic assessment 90 % of those scoring < 7 were diagnosed as moderately/severely demented, while 40% of those scoring 8-9 were diagnosed as (mostly mildly) demented (Morgan et al. 1987 ). The score < 9 was, therefore, used to initiate clinical interviews in subsequent waves.
Incidence waves
For the purposes of calculating dementia incidence for the period 1985-9, the population at risk comprised all those for whom there existed evidence of non-impairment in 1985. Specifically excluded from the original sample of 1042 respondents were those with I/O scores < 9 (TV = 53), and those with incomplete I/O scores (N= 19). If, during the 1985 validation procedure, a respondent with an I/O score of ^ 9 was clinically rated as unimpaired, then that subject was included in the population at risk. For the 1989-93 calculations this denominator was adjusted to exclude new incident cases, and those with CAPE scores incomplete or ^9 . Within 16 weeks of follow-up screening in 1989 and 1993 all those scoring s£ 9 on the CAPE I/O scale were approached for clinical assessment by psychogeriatricians using DSM-III-R criteria for (mild/moderate/severe) dementia. Respondents with incomplete CAPE scores were not clinically assessed (this small group included individuals who 'refused' in the course of the interview, and could not be re-visited). Psychiatrists were asked to make a diagnosis on the basis of a clinical interview, clinical performance testing (e.g. clock drawing, etc.) where considered appropriate, and an informant interview. The name of a relative or carer who could be approached for further information was supplied to the clinician for every respondent visited. At both the 1985 and 1993 follow-ups, death certificates and hospital case-notes were used to obtain diagnostic information on those who had died prior to, or who were otherwise unavailable for interview. For the purposes of the present analyses borderline cases have been defined exclusively on the basis of screening criteria (i.e. those scoring 8-9 on the CAPE I/O scale).
Calculation of incidence
Calculations of incidence rates of dementia for the period 1985-93 were based upon personyears at risk for each individual in the study. For each individual the exact period between survey interviews (or the exact period between interview and subsequent death) was calculated for each of the waves 1985-9, and 1989-93 (the second concentrating on 1989 survivors), and then for the study period overall . The point of onset for incident cases of dementia was considered to lie at the mid-point between survey interviews (Paykel et al. 1994) . Since the agegroup ^ 75 was over-sampled, estimates of incidence for the whole sample were appropriately weighted so that the age structure of the combined subsamples approximated to that of a true random sample. Incidence rates were separately calculated by gender, by age, and by age and gender. Statistical comparisons between incidence rates within age and gender subgroupings were made using the Mantel-Haenszel summary chi-square statistic (Kahn & Sempos, 1989) , with alpha set at the 0-05 level. To compare overall incidence for men and women while controlling for age, rates were combined in a logistic regression model with age as the dependent variable. All data were analysed using SPSS for Windows version 6.0 (Norusis, 1993) .
RESULTS

Incidence of dementia
In the first 4-year follow-up (1989), 50 of the at risk population scored ^9 on the CAPE I/O scale, and of these 37 were clinically assessed. Of the remaining 13, eight had died and one had moved out of the survey area between the screening and assessment phases. A further four cases were unavailable for clinical interview, and were therefore diagnosed on the basis of hospital records. At assessment 30 individuals met DSM-III-R criteria for dementia. A further 12 cases were identified from hospital case-notes and NHS death certificates. In total therefore, 42 new cases of dementia among the at risk population were identified. Of the surviving at risk population in the second 4-year follow-up (1993), 48 scored ^ 9 on the CAPE I/O scale, and of these all but six were clinically assessed. Two individuals died prior to an interview being arranged, and the remainder were unavailable for reasons including severe physical illness (N = 2) and refusals on their behalf by relatives or carers (N = 2). Assessment confirmed 27 cases consistent with DSM-III-R criteria for dementia. A further eight cases were identified from hospital case-notes and death certificates, giving a total of 35 cases. Over the 8 years of the study, therefore, a total of 77 new cases of dementia were identified from among the population at risk (53 women and 24 men).
The overall incidence rate per person year at risk calculated for the periods 1985-9 and 1989-93 was 1-29% (95% CI = 0-98-1-61) and 1-85% (95% CI= 1-58-2-02) respectively. In- Significantly different from 65-69 age group (P < 005). cidence rates by person-year at risk for the combined periods 1985-93 are shown in Table 2 . Analyses by 5-year age band show a clear increase in incidence with age up to 84 years, with evidence of rates doubling from 65-69 to 70-74, and from 75-79 to 80-84. The rate for the oldest band (^8 5 ) showed a relative reduction in incidence. While the weighted overall incidence rate for this sample originally aged 65 years and over was 158%, the overall rate calculated for those aged 75 and over was 2-28%. The overall rate of incidence for female respondents was higher than that for males, but in a logistic regression model with age as a dependent variable, this difference was not significant.
Ratings of borderline dementia
Over the full 8 years of the study a total of 70 individuals were rated as borderline impaired (i.e. scoring in the range 8-9 on the CAPE I/O subscale): 22 in the 1985 wave; 21 in the 1989 wave; and 27 in the 1993 wave. Of these, 30 individuals were subsequently classified as demented at clinical assessments conducted within 16 weeks of screening: 9 in 1985; 10 in 1989 and 11 in 1993. From the 1985 and 1989 waves, therefore a total of 24 individuals may be considered non-demented borderline cases. Aggregated 4-year follow-ups in 1989 and 1993 showed that, of these 24 individuals, 15 died while six showed a worsened cognitive status (three individuals were untraceable). The high level of mortality within the borderline group was unexpected. To examine this further, a logistic regression analysis of 4-year mortality was performed in which age, sex, and CAPE I/O classification (i.e. impaired, borderline, unimpaired) were independent variables. The results from this analysis are shown in Table 3 . Controlling for both age and sex in aggregated analyses (1985-9 mortality added to 1989-93 mortality), odds ratios for mortality were significantly elevated in both the impaired (odds ratio = 3 61; 95% CI = 2-81-4-37) and borderline impaired (odds ratio = 2-28; 95 % CI = 1-86-4-37) groups when compared with the unimpaired.
DISCUSSION
As regards overall incidence, the present rates fall within a range of values suggested in recent British studies. Incidence rates by per personyear at risk for the periods 1985-9 (1-29%), 1989-93 (1-85%) and over the full 8 years of the study (1985-93: 1-58%) fall between the annual rates reported by Copeland el al. (1992: 0-92%) and Boothby et al. (1994: 20%) for similarly aged samples. Differences in the present study between the two 4-year periods almost certainly reflect changes in the age structure of the sample, emphasizing the increasing risk of dementia with advancing age. The overall incidence rate for those aged 75 years and older found in the present sample (2-28%), however, falls outside and below the 95% confidence limits of annual dementia incidence (3 0-6-1) reported by Paykel et al. (1994) for that age group. Nevertheless, while the incidence rate per person year at risk is lower, the structure of the present results are broadly in line with those reported by Paykel et al. (1994) . Thus, rates for male and female respondents show no significant differences after correction for age, while the age specific rates show some evidence of doubling in the younger 5-year bands (65-69 to 70-74, and 75-79 to 80-84) .
Given the representativeness of the original NLSAA sample, the exclusion of known and possible prevalent cases from the population at risk, the use of a two-phase case finding procedure which included diagnostic interviews, and the relatively high response rates achieved at each wave, we feel that the present study provides valid and generalizable estimates of incidence. However, limitations both in the study design, and the screening instrument used, would argue that the rates reported here underestimate true incidence, and may account for at least some of the difference between the incidence of dementia reported here for the older (^ 75) age group in Nottingham, and that found in Cambridge (Paykel et al. 1994) .
When compared with other instruments, particularly those which include some performance element like the MMSE (Folstein et al. 1975) or CAMCOG (the cognitive assessment component of CAMDEX: Roth et al. 1988 ) the sensitivity of the CAPE I/O subscale has been found to be low (Black et al. 1990 ). The present findings confirm that at the cut point < 7, the CAPE subscale shows relatively low sensitivity, with 50% of those scoring in the range 8-9 (above the recommended cut point of ^ 7) diagnosed as demented at subsequent clinical assessments. It is likely, therefore, that some cases of dementia may have scored in the higher ranges (10-12) and remained undetected in this study. Further evidence to support this conclusion is provided by reported comparisons of the MMSE and CAPE I/O subscales using receiver operating characteristic (ROC) analysis. Jagger et al. (1992) found the CAPE cut-point of 7/8 optimal for detecting levels of'moderate + ' dementia, but suggest that a higher cut-point (11/12) optimizes the detection of mild + ' cases. Given the relatively low sensitivity of the CAPE subscale, outcome analyses from the borderline group are inconclusive. Over half were demented at the time of assessment, with the remainder showing significantly higher mortality than the unimpaired. Evidence from these analyses, therefore, appears to support the suggestion that many borderline categorizations may be related to test insensitivity (as shown in the clinical assessments) or ill health (as suggested by the high mortality in the borderline group).
As regards design issues, three additional factors may have depressed incidence rates in the present study. First, the omission of institutionalized elderly people from the baseline sample. Secondly, the possibility that some of the 149 individuals classified as 'refused' or 'untraceable' at follow-up (see Table 1 ) were in fact demented. And thirdly, given the secondary sources used in the present study, and the known under-reporting of dementia on death certificates, there is the strong possibility that some incidence cases, who both demented and died between survey waves, escaped detection.
The impact of excluding institutionalized elderly people from the baseline sample can be estimated. On the basis of equal probability sampling, the present study would have needed to include about 50 individuals from residential/ nursing home settings to represent the elderly institutionalized population in 1985 (Office of Population Censuses and Surveys, 1988) . However, since the prevalence of dementia and cognitive impairment is known to be high in this subgroup, it is probable that a much smaller number would subsequently have been considered at risk and eligible for incidence followup. Assuming that 50 % (N = 25) of such a subsample would have been eligible for incidence follow-up, and assuming also that each of these contributed 5-2 person years to the denominator (the average for the actual sample), then the resulting overall incidence rate would have increased by only 0-28 % if all 25 had become cases. If we further assume that all 25 cases had both become cases and belonged to the age group ^ 75, then incidence within this age group would have been increased by approximately 0-78%. The possible impact of refusal and untraceability on the incidence rates reported here is more difficult to estimate. While our refusal rates overall were similar to, or lower than, those reported in recent incidence studies (e.g. Copeland et al. 1992; Paykel et al. 1994 ) the possibility remains, for this and other studies, that for some individuals, refusal and cognitive impairment may be linked.
Regarding the use of death certificates, several recent papers have noted that dementia tends to be under-reported on British death certificates (e.g. Ryan, 1992; Newens et al. 1993) . Recently completed analyses from the Nottingham Longitudinal Study (Morgan & Clarke, 1995) show that dementia was recorded on only 15 (34%) death certificates from 44 deceased respondents who, at clinical interview, had met DSM-III-R criteria for dementia. It is possible, therefore, that for each case of dementia recorded, a further two cases go unrecorded. If this assumption holds, then in the present study a further 16 extra cases may have been detected, increasing the overall incidence by approximately 0-2-0-4 %.
